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Abstract 
In this paper, electronic structure and optical properties of the bulk of the new-type environment friendly semiconductor material 
Ca B3BSi B4B are investigated in detail by using first principles pseudo-potential calculations based on the density function theory. The 
calculation results show that: CaB3 BSi B4 B is a semiconducting material with an indirect band gap and the band gap is 0.375eV; The 
valence bands of Ca B3 BSi B4B are mainly composed of Si 3p as well as 3s, the conduction bands are mainly composed of Ca 3d; The 
static dielectric constant is 20; The absorption coefficient maximum is 1.7×10P5PcmP-1 P.
© 2010 Published by Elsevier B.V. 
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1. Introduction  
Silicide semiconductor material (such as ȕ - FeSiB2B, MgB2 BSi, CaB2 BSi, etc.) is the most promising internationally 
recognized environmentally friendly materials, and these silicides are composed of non- or less toxic and naturally 
abundant elements in the earth’s crust, have been the subject of much interest for being used in photovoltaic and 
thermoelectric device applications[1, 2]. Recently, CaB3BSiB4B is discovered as an environmentally friendly 
semiconductor material [3], which composed by the Ca and Si element. Their raw materials have abundant resources 
in stratum, and non-toxic pollution, so the research on the CaB3 BSiB4B is undoubtedly a new bright spot in 
environmentally friendly semiconductor materials research field. At present, and there were few reports about 
theoretical studies on electronic structure of CaB3BSiB4 B, only D. B. Migas et al.P P[3] Pcalculated the band structure, density 
of states and the real and imaginary part of the dielectric function of CaB3 BSiB4 B in theory, but other optical properties 
were no report. In this paper, the electronic structure and optical properties of CaB3BSiB4B were calculated by using first 
principles pseudo-potential calculations based on the density function theory, the theory results are very important 
for the preparation of this material and production of the device. 
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2. Theoretical model and computational method 
CaB3 BSiB4B is the hexagonal structure (space group P6B3 B/m). The lattice constants are a=b=0.8541nm and 
c=1.4906nm. Crystal angles are Į=ȕ=90° and Ȗ=120°. Every unit cell which contains 18 Ca atoms and 24 Silicon 
atoms consists of six formula units where Ca and Si atoms are grouped respectively into four in equivalent sites and 
every unit cell (see Fig.1). 
Fig.1 CaB3BSi B4B unit cell 
All calculation of this paper were preformed by CASTEP [5] software developed by Payne et al. First we use 
BFGS algorithm [6-9] to optimize the crystal lattice model, and expand the valence band electron wave function in 
primitive cell with plane wave bases, the cut-off energy of the plane wave is EBcutB= 310eV. The convergence 
precision in the iteration process is 1 × 10P-6 PeV. We use ultrasoft pseudo-potential to be the ionic potential [10], and 
use Monkhorst-Pack form method [11] which has a special high-symmetry k points to calculate Brillion zone 
integration with k-point set to 5 × 5 × 3, and do all the energy calculations in reciprocal space. 
3. Results and discussion  
3.1 Optimization of crystal structure  
In order to gain the stable structure we calculated the volume and total energy of the cell crystal near 
experimental lattice parameters of CaB3 BSiB4B. After optimization, the minimum energy of Ca B3BSiB4 B cell system becomes 
ε20694.2023eV. Table 1 is the lattice parameters of the Ca B3BSiB4 B after optimization. The theoretical cell parameters 
after optimization are similar to the experimental results and the error is less than 1%. The value of c/a is in 
accordance with the experimental value. 
UTable 1   The optimized results of CaUBU3UBUSi UBU4UB
Lattice constants     a/nm c/nm a/c 
  Cell volume 
V/ nmP3P
The experimental value 0.8541 1.4906 0.573 0.941693 
The theoretical value 0.8465 1.4757 0.573 0.915839 
3.2 Band structures and density of states 
The band structure of CaB3 BSiB4B along some high-symmetry directions in the Brillouin zone is shown in Fig.2. 
There are 138 valence bands between Fermi level and 12 eV, and there are 25 conduction bands between Fermi 
level and 3 eV, and the valence band maximum in valence band locates between K-ī segments, and the conduction 
band minimum stands between K-ī segments too. It displays the indirect band-gap of 0.375eV. The result correlates 
well with the result obtained by D.B. Migas et al. In the Fig.2 (a), there are two main sub-energy levels below Fermi 
level. One region fromε6.0190 eV to the top of valence band mainly composed of Si-p states electron, and another 
region from 6.6987 to 10.2777 eV mainly composed of Si-s states electron. Comparing Fig2 (a) with Fig.2 (b), 
there are two main sub-energy levels below Fermi level. One region fromε6.0190 eV to the top of valence band 
mainly composed of Si-p states electron, and another region from 6.6987 to 10.2777 eV mainly composed of Si-s 
states electron.
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Fig.2 The calculated band structure of CaB3BSi B4B nearby the Fermi energy (a) and the calculated total DOS of CaB3BSi B4B (b)  
Fig.3 The calculated total and partial DOSs of CaB3BSi B4
Fig.3 shows the calculated total and partial DOSs of CaB3BSiB4 B. We can see that the density of states of CaB3 BSiB4 B is 
mainly composed of 3p states electron of Si in a relatively small electron energy range from ε11 eV to ε5 eV; the 
curve of the state density from ε5 eV to Fermi surface was mainly composed of 3d states electron of Ca and 3p 
states electron of Si; The state density from 0 eV to 3 eV is in the position that the electron energy is larger than 
Fermi level composed of 3d states electron of Ca which is of the dominative position. 3s and 3p state electron of Si 
and 4s state electron of Ca contribute little to the total state density. In brief, the density of states of CaB3BSiB4B near 
Fermi surface is decided by Ca-3d and Si-3p.
3.3 Optical properties 
Fig.4 shows the real part İ B1 B and imaginary part İ B2 B of non-polarized Ca B3 BSi B4 B dielectric function variation with 
photon energy. As shown in Fig.4, the static dielectric constant is 20 and the basal absorption edge of the 
imaginary part of dielectric function locates 0.488eV, The imaginary part of dielectric function reaches the 
maximum value at 1.835eV, 1.835eV and 1.466 eV along x, y and z directions respectively, which are mainly 
generated by the electronic transition of Ca and Si d-state, p-state from the top of valence band to the bottom of 
conduction band. In fig.4 (b), reaching the second maximum is about 0.5eV only along x and z directions, which can 
demonstrate anisotropy of optical properties of CaB3BSiB4B.
         Fig.4 Real part HB1B and imaginary part HB2B of the dielectric function of CaB3BSi B4 Bfor different light polarization 
Fig. 5 shows the refractive index and the absorption of CaB3 BSiB4B. From the Fig.5 (a), the static refractive index nB0 B is 
4.47 and n decreases with the increasing of photon energy when the photon energy is over 0.944eV and n tends to be 
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zero between 5.42eV and 8.44eV. The extinction coefficient k of CaB3 BSiB4 B will be zero below 0.271eV and over 
12.525eV. k gets the maximum value when the photon energy is 2.291eV, then k decreases with the increase of 
photon energy above 2.291eV. k is zero when the photon energy is over 12.525eV, and there is a small peak when 
the photon energy gets to 23.76eV. Fig. 5(b) shows the absorption coefficient of CaB3BSiB4. B Photoabsorption is zero and 
CaB3BSiB4 B is transparent when the photon energy is below 0.271 eV. The absorption coefficient Į reaches the maximum 
value 1.7×10P5 PcmP-1 P at 4.65 eV and then decreases with the increasing of photon energy till to be zero. In high energy 
region, there is a high value 1.66×10P5 PcmP-1 P. Apparently, CaB3 BSiB4B has very high absorption coefficient both in low 
energy region and high energy region, and its important property probably causes its extensive application of 
different energy scope.  
Fig.5 The refractive index (a) and the absorption (b) of Ca B3 BSi B4
4. Conclusions
Using the first principle methods based on the pseudo-potential plane-wave theory, the band structures, density 
of states and optical properties of CaB3BSiB4B were studied. The conclusions are as follow: CaB3BSiB4 B is an indirect 
semiconductor and the band gap is 0.375eV. The valence bands of CaB3 BSiB4 Bare mainly composed of Si 3p as well as 
3s, the conduction bands are mainly composed of Ca 3d. Density of states is mainly composed of 3d electrons of Ca 
and 3s electrons of Si. The static dielectric constant is 20, the refractive index is 4.47; the maximum absorption 
coefficient is 1.7×10P5PcmP-1 P.
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